Introduction
Recently, advanced video compression (e.g. MPEG) has become an emerging and enabling technology for new systems in digital transmission and storage. In this paper, we describe digital home-use recording of high-quality video signals, which is relevant as a highperformance successor of the existing analogue formats (Hi-8 and (S-)VHS). We will particularly focus on the video compression system and its relation to the adopted recording system parameters, thereby giving technical insight in the design considerations of this completely new recording standard.
Small recording mechanics (enabling camcorders) and digital compression of component YUV video signals are key features of the so-called DV system, which was firstly announced in 1993 [l] . The main system constraints for the compression are as follows: -cassette size smaller than the 8mm system; -frame-based editing; trick play; -low complexity, portability, robustness. With respect to the cassette size, the volume is a key parameter for camcorders. Using the cassette volume and following state-of-the-art recording densities at that time (10 pm track width by 0.25 pm bit length), the required bit rate for the video should be in the order of 25 Mbit/s, in order to obtain sufficient playing time for SDTV and HDTV signals. The remaining system constraints are discussed in following sections.
Digital Video Compression
For the video compression, it is important to outperform the existing Hi-8 and SVHS standards. As a is not required (e.g. for colour key), so that 4:2:0 (line sequential colour) or 4: 1 : 1 sampling (horizontal colour downsampling) could be adopted, thereby being still significantly better than the poor colour recording bandwidth and performance of the analogue systems.
The starting bit rate at the input is about 125 Mbit/s, resulting in a desired compression factor of 5 . This -nowadays limited-compression factor enables frame-by-frame compression, recording and editing, provided that an advanced spatial transform coding scheme is adopted for compression. For this reason, the video bit-rate reduction is based on the Discrete Cosine Transform (DCT), locally adaptive quantization and Variable-Length Coding (VLC). These elements are also the cornerstones of the well-known MPEG and JPEG standards.
There are two principal reasons why MPEG was not adopted for the DV video compression standard. Firstly, t.he MPEG data need decoding in a predetermined time order, which is particularly problematic for implementing trick modes, such as fast picture search, both forward and backward. In these modes, the recorder reads only pieces of a track (data bursts), because the heads cross several tracks during a single scan of the tape. From the data bursts, a complete picture should be reconstructed. This argument leads to a compression system which compresses subimages (e.g. macroblocks) in fixed-length data portions. Secondly, since a compression encoder and decoder are both required in the camcorder application, a very complex encoder such as in MPEG, requiring a plurality of frame memories, should be avoided, taking into account the desire to enter the market in the mid nineties with portable applications.
The fixed-length compression on a small scale is obtained by a feedforward coding architecture (see Fig. 2 ), which differs substantially from the conventional feedback system being used in MPEG. The architecture of the compression encoder in Fig. 2 has the typical output buffering resulting from VLC between the DCT and the Quantization (Q) stage (buffer in MPEG at the output). The data buffer stores the complete uncompressed segment, containing 5 video MBs (macroblocks). Simultaneously, the data are pre-quantized and the corresponding bit costs are computed, prior to the (real) final quantization and VLC. In fact, a number of quantization (+coding) strategies is employed, and the strategy giving the desired output bit rate is adopted and finally carried out. Due to the pre-analysis of the data prior to real coding, it is possible to obtain a fixed output bit rate for such a small segment of 1920 samples only, under varying image statistics.
Distributing Robust Compressed Data
In the DV standard, the image data is partitioned over the recording area. The recorded structure is such that the picture is geometrically mapped onto the tape (see Fig. 1 ). For trick play, this has the advantage that coherent parts of the picture are refreshed for various search speeds, both for forward and backward search. The partitioning should be fine enough to allow small decodable image data block recovery under very high trick-mode search speeds. In order to use the data blocks in arbitrary order (various speeds) for reconstituting a complete picture, it is essential that each data block contains a fixed portion of video data. This demand asks for a fixed-length compression of such a video data portion into a basic data block.
Another distinguished feature of the DV connpression system is its system robustness for heavy-duty portable applications. The data in tracks on tape is typically divided in data blocks of a small fixed size, called sync blocks. These sync blocks have an error correction and detection facility and they start with a sync word that resets the channel decoder. By using a fixed mapping of video data blocks onto a periodic pattern of sync blocks, a very robust system is obtained in which the video decoding is directly coupled to the channel robustness, resulting in excellent error concealment properties. The regular mapping on the tape shown in Fig. 1 ) enables these features. Table 1 portrays the principle parameters of the experimental recording system. The basic recording mode has a capacity of 25 Mbit/s, but the -#y c stem can be upgraded mechanically and electronically to 50 Mbit/s for HDTV recording. Possibilities to go t,o 12.5 Mbit/s or even lower recording rates for MPEG, have been indicated earlier [Z] .
